Placement strategies for P fertilizer can affect P availability to crops and influence the amounts and forms of P removed from soil in runoff, contributing to eutrophication. On the Canadian prairies, most runoff occurs during snowmelt. Two adjacent farm fields in Saskatchewan, Canada, were used to assess the effects of spring P fertilizer placement on crop P uptake, residual soil P, and potential P export in simulated snowmelt. One was in conventional tillage (CT) with no history of P fertilization, and the other was in a no-till (NT) system with multiyear P fertilization at recommended rates. Fertilization (monoammonium phosphate) treatments were no P fertilizer (control); seed placed, deep banded, and broadcast and incorporated at 20 kg P 2 O 5 ha −1 ; and broadcast treatments at 20, 40, and 80 kg P 2 O 5 ha −1
Abstract
Placement strategies for P fertilizer can affect P availability to crops and influence the amounts and forms of P removed from soil in runoff, contributing to eutrophication. On the Canadian prairies, most runoff occurs during snowmelt. Two adjacent farm fields in Saskatchewan, Canada, were used to assess the effects of spring P fertilizer placement on crop P uptake, residual soil P, and potential P export in simulated snowmelt. One was in conventional tillage (CT) with no history of P fertilization, and the other was in a no-till (NT) system with multiyear P fertilization at recommended rates. Fertilization (monoammonium phosphate) treatments were no P fertilizer (control); seed placed, deep banded, and broadcast and incorporated at 20 kg P 2 O 5 ha −1
; and broadcast treatments at 20, 40, and 80 kg P 2 O 5 ha −1
. Yield and P uptake were not affected by placement method. Water-extractable P at the soil surface after harvest was unaffected by placement or rate at either site but increased below the 5-cm depth at the NT site in 2016. Broadcast treatments increased P in runoff relative to in-soil P placement for the 20-and 80-kg P 2 O 5 ha −1 treatments at the CT site and for the 80-kg P 2 O 5 ha −1 treatment at the NT site. Thus, in-soil application of P fertilizer appears to be an effective strategy to reduce the risk of P export in snowmelt runoff.
Potential Phosphorus Export in Snowmelt as Influenced by Fertilizer Placement Method in the Canadian Prairies
Jordan T. Wiens, Barbara J. Cade-Menun,* Blake Weiseth, and Jeff J. Schoenau E utrophication of surface water is a concern in many regions, including Lake Winnipeg in the Canadian prairie region (Lake Winnipeg Stewardship Board, 2006) and Lake Erie (Michalak et al., 2013; Scavia et al., 2014) . The adverse effects of eutrophication include increased toxic and nontoxic phytoplankton biomass, increased fish kill, and reduced water aesthetics (Smith, 1998) , with an economic impact estimated to be US$2.2 billion annually in the United States (Dodds et al., 2009) .
Phosphorus from nonpoint sources, such as storm and snowmelt runoff, is recognized to contribute to eutrophication (Sharpley et al., 1987) . Controlling runoff P loss requires understanding the concentrations and physical and chemical forms of P and their mechanisms of transport. Physical forms of transported P are operationally defined as particulate P (PP, retained on a 0.45-mm filter), dissolved P (DP, <0.45 mm), colloidal P (retained on a 0.2-mm filter), and truly dissolved P (<0.2 mm; Haygarth and Sharpley, 2000; Haygarth and Edwards, 2009) , although truly dissolved and colloidal P are measured less frequently in runoff than PP and DP (Liu et al., 2014; Jiang et al., 2017) . Generally, little is known about chemical P forms in runoff. Phosphorus forms identified in soil, water, and other environmental samples can be divided into organic (P o ) and inorganic P (P i ) forms and compound classes, which can be present in DP and PP. Most studies determine broad pools of P such as total P (TP), total DP, and total PP by methods such as digestion and colorimetry. Soluble reactive P, better termed dissolved molybdate-reactive P (DMRP), uses colorimetry to determine orthophosphate (a P i compound) in solution; the difference between total DP and DMRP, dissolved molybdateunreactive P (DMUP), is considered P o (Haygarth and Sharpley, 2000) . However, these simple techniques give no information about P forms other than orthophosphate; advanced techniques such as 31 P nuclear magnetic resonance spectroscopy (P-NMR) are needed to characterize other P forms. The P i Abbreviations: B20, broadcast without incorporation at 20 kg P 2 O 5 ha ; B/I, broadcast and incorporated; CT, conventional till; DB, deep banded; DMRP, dissolved molybdate-reactive phosphorus; DMUP, dissolved molybdate-unreactive phosphorus; DP, dissolved phosphorus; NT, no-till; P-NMR, 31 compounds identified in water and colloid samples by P-NMR include orthophosphate, polyphosphate, and pyrophosphate; P o compound classes (and specific compounds therein) include orthophosphate monoesters (e.g., sugar phosphates and inositol phosphates), orthophosphate diesters (phospholipids, RNA, and DNA), and phosphonates (Cade-Menun et al., 2006; Liu et al., 2014; Read et al., 2014; Jiang et al., 2017) . Runoff P o can be converted to orthophosphate by hydrolysis and mineralization; thus, all are potentially bioavailable to aquatic organisms (Heath, 2005; Turner, 2005; Giles et al., 2015) . The P i and P o forms in runoff will depend on the P source contributing to the runoff. Identifying P forms may therefore help to identify the source of P in runoff, which could be used to control P inputs.
Phosphorus originating from mineral and organic fertilization of agricultural soils is widely recognized as contributing to eutrophication from nonpoint sources (Sharpley et al., 1987) , and residual fertilizer P at the soil surface is also more susceptible to runoff losses than in-soil placement of P (Kimmell et al., 2001 ). The form of P in the applied amendment is also important. Chemical fertilizers have been shown to result in greater soluble P loss as DMRP than manure, from which more DMUP is exported (Kleinman et al., 2002; Ashjaei et al., 2010; Smith et al., 2016) .
Management practices such as tillage will also influence P distribution within the soil. Mixing from conventional tillage (CT) will distribute P more evenly through the soil profile but disturbs soil particles, increasing the potential for erosion and runoff PP loss (Andraski et al., 1985; Mostaghimi et al., 1988) . Under notill (NT) management, P can become stratified at the soil surface (Cade-Menun et al., 2010; Abdi et al., 2014) , increasing runoff DP (Andraski et al., 1985; Hansen et al., 2000; Cade-Menun et al., 2013) .
Unlike other regions globally and in Canada, the majority of runoff in Saskatchewan occurs in the spring as snowmelt while the soil is frozen and infiltration is restricted (Gray and Landine 1988; Pomeroy et al., 2005) . Snowmelt runoff is generally slower and less erosive than runoff from summer rainfall events; thus, PP losses will be greater in rainfall runoff, and DP loss will be greater from snowmelt (Ginting et al., 1998; Cade-Menun et al., 2013) . Previous research in the Canadian prairies largely focused on watershed runoff and its correlation to extractable P (Ontkean et al., 2005; Little et al., 2007) . Thus, the objective of this research was to evaluate how commonly used placement methods for granular P fertilizer application on the Canadian prairies influence crop P uptake, soil postharvest water-extractable P, and export potential of DMRP during simulated snowmelt. Two typical adjacent farm fields in south-central Saskatchewan that have the same soil type and topography but different management histories were selected to reflect differences in P fertilization, tillage, and cropping practices, allowing the effects of current P fertilizer application strategies to be evaluated. It was hypothesized that in-soil placement of P fertilizer would be superior to broadcast application in terms of plant accessibility and reduction of P export in snowmelt, particularly in soils of low P fertility.
Materials and Methods

Study Sites
Two sites on adjacent fields with similar topography and soils were established in the Brown soil climatic zone ?1 km north of Central Butte, SK, Canada. The selected sites were part of two separate M. Sc. theses (Weiseth, 2015; Wiens, 2017) ; therefore, research was conducted in different growing seasons and with different crops as part of the rotations normally used by the growers on these fields. This limited direct evaluation of single-factor effects but allowed evaluation under a range of factors typically encountered in the region.
The management history of the site used in 2014, termed CT, may be considered poor in terms of soil fertility preservation, with little or no P or N fertilization since cultivation began ?100 yr ago, and with continuous tillage and erosion during the fallow phase of the employed wheat (Triticum aestivum L.)-fallow rotation. A legume crop, soybean [Glycine max (L.) Merr.], was selected for the CT site in 2014, as soil available N levels were very low (Table 1) , and was double inoculated with Bradyrhizobium japonicum commercial inoculant to ensure nodulation and N fixation (Xie et al., 2018) . A field site across the road, termed NT, was used for wheat and canola (Brassica napus L.) trials in 2015 and 2016. This field had been maintained in a NT pulse-cereal-oilseed rotation for the past 25 yr, receiving P fertilizer at recommended rates each crop year (?20 kg P 2 O 5 ha
) along with N at recommended rates. Varieties of soybean, wheat, and canola were NSC Moosomin, HRS Waskada, and LL 252, respectively. Soil characteristics are provided in Table 1 ; weather data over the study period are in the Supplemental Table S1 .
Experimental Design
The trials at each site were set up as a randomized complete block design with four blocks of replicates and were located on an upper slope position with similar elevation and surface curvature. Each plot within the trial was 3 ´ 1 m with 25-cm crop row spacing (28 plots per site-year), with each plot directly adjacent to the next. The CT site received P treatments only once. The NT site received P treatments at the start of each of the two growing seasons.
At both sites, P treatments were either seed placed (SP) at time of seeding, deep banded (?2.5 cm below the seed row, DB), or broadcast and incorporated with the NKS fertilizers immediately prior to seeding (B/I), with a P application rate of 20 kg P 2 O 5 ha −1 ; broadcast without incorporation at either 20, 40, or 80 kg P 2 O 5 ha −1 (B20, B40, and B80); and a control receiving no P fertilizer. To ensure other nutrients were not limiting, urea was applied to provide a total of 100 kg N ha −1 for all treatments for the wheat and canola. Potassium sulfate was applied to soybeans, wheat, and canola at 17 kg S ha . Supplemental fertilizers added to all treatment plots were broadcast and incorporated to a depth of ?5 cm with a rotary tiller and harrow. Fertilizer applications and seeding operations were completed in the first week of May in each growing season.
Sample Collection
Crops were harvested annually in the first week of September; yield and plant nutrient data are provided in Supplemental  Table S2 . After harvest each year, soil cores (0-30 cm) were collected from each treatment plot, segmented by depth (0-5, 5-10, and 10-30 cm), air dried, ground, and used to determine water-extractable P (Schoenau and Huang, 1991) .
Simulated Snowmelt
After harvest in 2014 at the CT site and 2016 at the NT site, soil slabs (25 ´ 20 cm, 10-cm depth) were collected to simulate snowmelt following the procedure of King et al. (2017) ; see the supplemental material for more details. Simulated snowmelt was conducted during the winter after slab extraction for each site. Intact frozen slabs (28 for CT, 7 for NT) were placed in plasticlined insulated boxes at an incline of 5° (Supplemental Fig. S1 ). Over a 24-h period, 1 kg of snow (?8-cm depth) was added to each slab and allowed to melt at 18°C. Runoff was drained into a collection pail, and total runoff volume was measured. The 24-h runoff cycles were repeated, without refreezing the slab, until sufficient water for analysis was collected (?1 L for CT plots and ?2.5 L for NT plots). Runoff P concentrations were calculated on a weight per unit area (kg P ha −1 ) basis. For CT plots, runoff was collected from slabs from all treatment replicates and was filtered through 0.45-mm nitrocellulose filters. The filtrate was analyzed colorimetrically (Murphy and Riley, 1962) to determine DMRP, considered here to be dissolved P i . The CT filtrate samples were not digested to determine total DP or DMUP. Filters were digested (Parkinson and Allen, 1975) and analyzed colorimetrically to determine PP.
For NT plots, more detailed chemical and spectroscopic P analyses were conducted on runoff samples, so slabs from only one plot per treatment were used and more runoff volume was collected. The NT runoff samples were filtered with 0.7-mm ashed glass fiber filters, which are consistent with 0.45-mm nitrocellulose filters with respect to separating DP and PP (USGS, 2000; Ward, 2000) . A ?50-mL subsample was taken before and after filtration for P analysis; the remaining filtrate for each sample was frozen in ice cube trays to maximize surface area and then lyophilized to concentrate the sample (Cade-Menun et al., 2006) . Filtered and unfiltered subsamples were digested with ammonium persulfate (Tiessen and Moir, 2008) , followed by colorimetric analysis to determine total runoff P and total dissolved P (TDP); DMRP was determined colorimetrically and was subtracted from TDP to calculate DMUP. Here, DMUP and P o are considered synonymous for simplicity, although DMUP may include complex P i , such as polyphosphates (Cade-Menun et al., 2006) .
Solution
P-NMR Spectroscopy
A selection of runoff samples from the NT soils was further characterized by solution P-NMR spectroscopy of NaOH-EDTA extracts (Cade-Menun and Preston, 1996; Cade-Menun et al., 2006; Cade-Menun and Liu, 2014; Read et al., 2014) . Details are included in the supplemental material. Samples were analyzed on a Bruker Avance 500 MHz NMR spectrometer with a 10-mm broad band probe. Chemical shifts were assigned to P compounds based on the literature (Cade-Menun, 2015) and by spiking samples with reference compounds. Peak areas were calculated by integration and manual measurement, using NMR Utility Transform software (Acorn NMR, 2006), percentages of P forms were determined from peak areas, and results were corrected for diester degradation products (Young et al., 2013; Schneider et al., 2016) . Concentrations of P forms were determined by multiplying percentages by the concentration of P extracted by NaOH-EDTA for each sample.
Only a few key fertilization treatments were analyzed by P-NMR due to the time, costs, and additional work. Initially, both DP and PP samples from these treatments were to be analyzed. However, there were problems dissolving many of the lyophilized NaOH-EDTA extracts of DP samples, resulting in noisy spectra with no discernable peaks (Supplemental Fig. S2) , likely due to a high salt content in the runoff samples that was retained after extraction.
Statistical Analysis
Statistical analysis was conducted with SAS 9.3 software using PROC MIXED (SAS Institute, 2012) to compare treatment runoff at the CT site, as well as soil extractable P within each site. Sites were not compared with each other, due to differences in sampling dates and other factors. Separation of means was done using Tukey's protected honest significant difference at a = 0.05 for all parameters except water-extractable soil P, for which a = 0.10 was used due to inherently large microscale variability. Treatment was analyzed as a fixed effect, and blocks were treated as a random effect. PROC UNIVARIATE was used to ensure block and residual data were normally distributed. Where residuals were not normally distributed, a square root transformation was applied to the data.
Results and Discussion
Water-Extractable Phosphorus
Water-extractable P at the 0-to 5-cm depth after harvest was variable and not significantly affected by fertilizer application strategy at either the NT or CT sites (Table 2) . Variability from nonuniform distribution of fertilizer P and plant P uptake across the seed bed likely contributed to the lack of significant treatment (Houba et al., 2000) . ‡ Modified Kelowna extraction (Qian et al., 1994) . § pH measured in 1:2 water suspension (Hendershot et al., 2008) . ¶ Electrical conductivity (EC) measured in 1:2 water suspension (Miller and Curtin, 2008) .
# Organic C measured using a LECO automated combustion analyzer.
effects at the soil surface (Kar et al., 2012) . Some significant treatment effects were observed at the NT site below 5 cm, with the highest rate broadcast treatment (80 kg P 2 O 5 ha −1 for 2 yr) producing significantly greater water-extractable P concentrations than the unfertilized control at the 5-to 10-cm depth, and B20 producing significantly greater water-extractable P than the B/I, DB, and control treatments at the 10-to 30-cm depth (Table 2) .
Differences in water-extractable soil P concentrations can be attributed to long-term management of each site, crop uptake, and the P fertilization treatments of the current study (Table 1) . Both McKenzie et al. (1992) and Kar et al. (2017) have shown that several years of altered P management is typically required to produce observable patterns in chemically separable soil P pools. Low uptake of P by the wheat crop in the drought year of 2015 (the July precipitation was in the last days of the month only) may have left fertilizer in the soil in fall 2015 (Supplemental Table S1 ), but high yield (3.4-4.9 Mg ha −1 ) and P demand (20-32 kg ha −1 aboveground P uptake) by canola grown in 2016 likely muted the effect of the placement and rate treatments (Supplemental Table S2 ). Furthermore, in similar calcareous soils, Kar et al. (2012) noted the affinity of applied fertilizer P for Ca, with formation of more soluble Ca-P minerals like brushite, rather than recalcitrant Ca-P minerals like apatite. Therefore, some of the broadcast P applied at high rates may have moved below the top centimeter of soil over the 2 yr through both diffusion and as DP, as is suggested by the increase in water-soluble P below 5 cm (Table 2) . Previous studies have suggested that P can become stratified at the soil surface (Cade-Menun et al., 2010; Abdi et al., 2014) under NT, increasing runoff DP. We did not observe this for water-extractable P, but stratification is typical of soils in this area, including tilled soils, because tillage is done with a cultivator equipped with sweeps that mainly lift the soil, rather than intensively turning it over and mixing it (J. Schoenau, unpublished data, 2017). The pretreatment soil characteristics (Table 1 ), suggest that there was more extractable P at the soil surface of NT than CT, but this likely reflects the long-term fertilization history as much as tillage.
Simulated Snowmelt
The DMRP export in simulated snowmelt runoff appeared to be greater at the NT site; however, as noted, these results cannot be directly compared due to differences in management. At the CT site (Fig. 1 ), for which P export in snowmelt runoff was measured in all treatment replicates, the in-soil P fertilizer placement treatments (SP, DP, and BI) had DMRP export amounts (kg P ha −1 ) and P concentrations (mg P L −1 ) in collected surface and subsurface flow that were not significantly different from the unfertilized control. In contrast, the broadcast B20 treatment resulted in significantly more P export than the control and incorporated treatments. Furthermore, DMRP concentrations in the B20 and B80 treatments were 5 to 10 times those of the control, DP, and B/I treatments. The reason for a lack of significant fertilizer rate effect among the broadcast treatments is unclear but could result from variability in broadcast fertilizer P distribution at the surface soil, reflected in higher standard errors of the mean for broadcast compared with in-soil treatments. This is consistent with Ulén et al. (2018) and Hu et al. (2015) , who both recommend using more replicates to detect differences, particular with phosphate export (Ulén et al., 2018) . There were no Table 2 . Soil water-extractable P as affected by P application treatment at the no-till (NT) and conventional tillage (CT) sites.
Site
Year . ‡ For each depth for each site and year, values followed by different letters are significantly different (p < 0.10). § As residuals were not normally distributed, a square root transformation was applied . White bars collectively denote in-soil placement of P fertilizer, whereas diagonal filled bars indicate surface broadcast placement. Black is the unfertilized control.
significant differences among the treatments for PP (results not shown here, but available in Weiseth, 2015) .
At the NT site (Fig. 2) , the broadcast P treatment applied at the high rate (B80, 80 kg P 2 O 5 ha −1 ) appeared to have more export than all other treatments. Further partitioning of runoff P resulted in similar profiles of P pools in all treatments except the B80 treatment, which appeared to have an increase in the proportion of P i in the runoff (Fig. 3) . Dissolved P i (DMRP) and P o (DMUP) generally comprised about half of the TP in the runoff from the unfertilized control and 20 kg P 2 O 5 ha −1 in-soil placed P and broadcast P treatments. The proportion of PP was similar among all treatments. The amounts of total (DP plus PP) P exported in snowmelt runoff ranged from ?0.10 (SP) to 0.50 kg P ha −1 (B80), with DMRP comprising from <10% (SP) to nearly 50% of TP (B80).
Runoff P concentrations show that all treatments, regardless of P application method, breached the threshold of eutrophication standards reported in the literature. For example, DMRP concentrations at the CT site exceeded the recommended threshold of 0.01 mg DMRP L −1 for Delaware (Sallade and Sims, 1997) . Canadian TP trigger ranges are between 0.020 and 0.035 mg TP L −1 for mesoeutrophic water bodies, and between 0.035 and 0.100 mg TP L −1 for eutrophic water bodies (CCME, 2004) . Therefore, these DMRP concentrations are of concern as they exceed the threshold for TP in some samples. Runoff P amounts and composition are reported to be affected by tillage regime and land use, with PP reduced and DMRP increased with NT (Hansen et al., 2000; Daryanto et al., 2017) , and in croplands compared with pastures (Cade-Menun et al., 2013) . Some studies indicate more DP in systems where snowmelt runoff dominates, such as the prairies (Ulén, 2003; Panuska et al., 2008; Tiessen et al., 2010; Cade-Menun et al., 2013) , whereas PP dominates in runoff originating from rainfall on tilled soils with limited surface residues (Sharpley et al., 1987 (Sharpley et al., , 1994 Douglas et al., 1998; Lemunyon and Daniel, 2002) . In terms of P fertilizer management strategies, broadcast application of P fertilizer increased the export of P in simulated snowmelt runoff compared with P fertilizer placed in soil at the same low rate in the CT soil. With a greater proportion of P as DMRP, broadcasting at high rates may be of particular concern due not only to increased potential total P export but also shifting toward a more immediately bioavailable P form in water.
The P-NMR analysis of snowmelt runoff from the NT site (Table 2) provided greater insight into the P forms present, especially the nature of P o . For the control treatment, DP in runoff was predominantly P i , especially orthophosphate (82%, Table 2), whereas P o was more prevalent in the PP fraction than in DP. Polyphosphates, DNA, and nucleotides (phospholipid breakdown products) were also more prevalent in the PP fraction. These are associated with microbial P and suggest microbial association with particulate material (Read et al., 2014; Giles et al., 2015) , as does the high proportion of total orthophosphate diesters and the lower ratio of orthophosphate monoesters to orthophosphate diesters (cM:D) in the control PP sample compared with the control DP sample. The DP sample would also contain colloidal P, which previous studies have shown to be primarily P i , with small proportions of P o (Liu et al., 2014; Jiang et al., 2017) .
With respect to PP from the fertilizer treatments, the percentages of P forms and compound classes were similar to those for the controls (Table 3 ). The concentrations of orthophosphate and total P i were greater in the PP sample from the B80 treatment than for the SP or control treatments, which is consistent with increased P export from this treatment (Fig. 3) . As was noted for the control sample, orthophosphate diesters dominated the P o of the PP sample for both treatments, suggesting a microbial association with particulates in runoff. It is possible that the laboratory conditions for the simulated runoff increased microbial growth in the samples, but these results are consistent with observations for field-collected snowmelt runoff (B. CadeMenun, unpublished data, 2018) .
Overall, the results of this study suggest that broadcast fertilizer P application without incorporation, especially under conditions of low crop removal and high application rate, may result in greater DMRP export compared with no fertilizer application or when fertilizer P is applied using in-soil placement at low rates. Tabbara (2003) observed that fertilizer application method (broadcast vs. incorporation) had a strongly significant effect (P < 0.001) on TDP concentration in rainfall runoff water, where incorporation of liquid fertilizer P resulted in a lower concentration (1.93 mg L− 1 ) relative to broadcast application (3.98 mg L− 1 ) on a Cumulic Hapludoll in Iowa. The results of these studies support in-soil placement of nutrient amendments as a best management practice to limit offsite transport of applied P in rainfall, and also in spring snowmelt, as demonstrated in the current study. The ability of in-soil fertilizer P application methods to limit P export in runoff water is also illustrated by the observation that SP, DB, and B/I treatments resulted in P export values in simulated snowmelt water similar to plots that received no fertilizer P. This agrees with some early work conducted in Minnesota, USA, which indicated that DP in rainfall runoff water from plots on which fertilizer P was broadcast and incorporated did not differ significantly from those that had not received fertilizer application (Timmons et al., 1973) . Furthermore, characterization of P using P-NMR confirmed colorimetric analysis showing DP to be predominantly P i and suggested that although PP in snowmelt runoff was associated with microbes, the concentration of P i increased in particulates where fertilizer was broadcast at high rates.
Conclusions
Applying monoammonium phosphate fertilizer using broadcast without incorporation, especially at rates above that normally recommended for a single season, is not recommended due to the increased potential for P export offsite in spring snowmelt runoff. In particular, it increased DMRP in runoff, which is the most bioavailable pool. Methods that put P fertilizer into the soil below the surface would be preferred, to reduce runoff risk. Table 3 . distribution of P forms in the dissolved (dP) and particulate (PP) fractions of snowmelt runoff water from the no-till site, determined by 31 P nuclear magnetic resonance spectroscopy. The upper portion of the table shows the percentage of each compound, determined from peak areas, and the lower portion of the table provides the concentration of the compound category in the runoff (calculated by multiplying percentages by the P concentration in each extract). ---------------------------mg P L −1 --------------------------- . ‡ P i , inorganic P; P o , organic P; Orthophos., orthophosphate; Polyphos, total polyphosphates (includes pyrophosphate); IHP, total of all inositol hexakisphosphate stereoisomers; Nucl., nucleotides from phospholipid degradation; CMonoester, total orthophosphate monoesters, after correction for diester degradation products; cDiester, total orthophosphate diesters, after correction for diester degradation products; cM:D, ratio of corrected orthophosphate monoesters to corrected orthophosphate diesters.
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